Pregnancy-associated plasma protein A proteolytic activity is associated with the human placental trophoblast cell membrane.
Pregnancy-associated plasma protein-A (PAPP-A) is a product of the placenta and decidua and is secreted into the maternal circulation during human pregnancy. It recently has been identified as an IGF binding protein (IGFBP)-4 protease. Presumed functions at the maternal-fetal interface are to proteolyze IGFBP-4 and thus increase IGF bioavailability locally in the placenta, to promote IGF-II-mediated trophoblast invasion into the maternal decidua, and to modulate IGF regulation of steroidogenesis and glucose and amino acid transport in the villous. Herein, we have investigated the possibility that IGFBP-4 proteolysis may occur on the trophoblast cell membrane, presumably to increase local bioavailable IGF for interactions with cognate IGF membrane receptors. Human trophoblasts were cultured, trophoblast plasma membranes were isolated and solubilized, and IGFBP-4 protease activity and PAPP-A immunoreactivity in the solubilized plasma membrane fraction were investigated. IGFBP-4 protease activity was detected in solubilized human trophoblast membranes, resulting in cleavage of recombinant human IGFBP-4 into 18- and 14-kDa fragments, detected by Western immunoblot analysis. This protease activity was dependent on the presence of IGF-II, and its metal ion dependence was demonstrated by inhibition of the protease by the metal chelators, EDTA and EGTA. The presence of PAPP-A in solubilized human trophoblast membranes was demonstrated by Western immunoblotting. Trophoblast membrane PAPP-A had a relative molecular weight of approximately 200 kDa and comigrated on (reducing) SDS-PAGE with recombinant human PAPP-A and PAPP-A secreted into media conditioned by cultured human trophoblasts. IGFBP-4 protease activity was not detected after immunodepletion of PAPP-A from the trophoblast membrane fraction with PAPP-A polyclonal antibodies, suggesting the identity of the membrane-derived IGFBP-4 protease as PAPP-A. Immunocytochemistry revealed PAPP-A on the cell membrane and in the cytoplasm of human trophoblasts in culture. Together, these data demonstrate the presence of an IGF-II- and metal-dependent IGFBP-4 protease activity in human trophoblast plasma membranes, identified as PAPP-A, which is well situated to proteolyze IGFBP-4 at the maternal-placental interface to facilitate IGF action at the villous surface and/or the invading extravillous cytotrophoblast.